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Abstract
Background: The use of digital technology in healthcare has been found to be useful for data collection, provision
of health information and communications. Despite increasing use of medical mobile phone applications (apps), by
both clinicians and patients, there appears to be a paucity of peer-reviewed publications evaluating their use,
particularly in pregnancy. This scoping review explored the use of mobile phone apps for clinical decision support
in pregnancy. Specific objectives were to: 1. determine the current landscape of mobile phone app use for clinical
decision support in pregnancy; 2. identify perceived benefits and potential hazards of use and 3. identify facilitators
and barriers to implementation of these apps into clinical practice.
Methods: Papers eligible for inclusion were primary research or reports on the development and evaluation of
apps for use by clinicians for decision support in pregnancy, published in peer-reviewed journals. Research
databases included Medline, Embase, PsychoInfo, the Cochrane Database of Systematic Reviews and the online
digital health journals JMIR mHealth and uHealth. Charting and thematic analysis was undertaken using NVivo
qualitative data management software and the Framework approach.
Results: After screening for eligibility, 13 papers were identified, mainly reporting early stage development of the
mobile app, and feasibility or acceptability studies designed to inform further development. Thematic analysis
revealed four main themes across the included papers: 1. acceptability and satisfaction; 2. ease of use and
portability; 3. multi-functionality and 4. the importance of user involvement in development and evaluation.
Conclusions: This review highlights the benefits of mobile apps for clinical decision support in pregnancy and
potential barriers to implementation, but reveals a lack of rigorous reporting of evaluation of their use and data
security. This situation may change, however, following the issue of FDA and MHRA guidelines and implementation
of UK government and other international strategies. Overall, the findings suggest that ease of use, portability and
multi-functionality make mobile apps for clinical decision support in pregnancy useful and acceptable tools for
clinicians.
Keywords: Mobile applications, mHealth, Digital healthcare, Decision support systems, clinical, Decision support
techniques
Background
The use of digital technology in healthcare has been re-
cent and rapid and the advantages of mHealth, i.e. digital
health technologies that utilize mobile phones, is seen as
a natural progression [1]. Recent UK Government policy
recognises value of digital health technology and encour-
ages its integration [2]. Mobile technology has been
found to be useful for data collection, provision of health
information and communications, particularly in lower
and middle income countries, where mobile phones are
very common [3–5]. An increasing body of evidence
suggests mHealth interventions can improve outcomes
and health service utilization [5–7]. One of the particular
advantages of mobile phone applications (apps) is that
they can be updated regularly, ensuring information is
based on current evidence, and they are so readily ac-
cessible [8].
Mobile phone health apps are widely used by clinicians
as well as patients. A survey of UK medical students
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(n = 257) and junior doctors (n = 131) carried out in
2011 found a high level of smart phone ownership (79%,
203/257 and 75%, 98/131, respectively) and mobile app
usage (76%, 155/203 and 72%, 71/98, respectively) with
both groups expressing an interest in the development
of additional apps to enhance their education and pro-
fessional practice [9]. As technology has moved on in re-
cent years, this is likely to have increased. A more recent
survey of 197 Californian obstetrics and gynaecology
doctors found that 95% used mobile apps in the clinical
setting [10].
There are concerns, however, that without official val-
idation and regulation some medical apps may produce
erroneous results and lead to incorrect, inappropriate or
even dangerous decisions [11]. In 2015, in recognition of
the growing number of medical apps in use, the USA’s
regulatory body the Food and Drugs Administration
(FDA) issued guidance [12]. This guidance stipulates
that if a mobile app is defined as a medical device it will
be regulated in the same way as other medical devices.
In the UK, the Medicines and Healthcare products
Regulatory Agency (MHRA) also considers and regulates
medical mobile apps providing they meet the regulatory
body’s definition of a medical device [13].
Despite an increasing use of medical mobile phone
apps in healthcare, by both clinicians and patients, there
appears to be a paucity of peer-reviewed professional
journal publications evaluating their use [14]. We de-
cided to undertake a scoping review in order to identify
papers providing insights that could inform development
of mobile apps for clinical decision support in preg-
nancy. Specific objectives were to: 1. determine the
current landscape of mobile phone apps use for decision
support or risk assessment by clinicians in pregnancy
care; 2. identify perceived benefits and potential hazards
of use in clinical practice and 3. identify facilitators and
barriers to implementation of these apps into clinical
practice.
Methods
Inclusion and exclusion criteria were decided upon prior
to initiating a database search and are listed in Table 1.
We chose to focus on clinical decision support tools de-
livered through mobile phone apps, as opposed to other
means e.g. clinical guidelines and decision trees. We also
wanted to explore those used by clinicians, and therefore
excluded apps used solely by pregnant women. The re-
search databases used in the search included: Medline,
Embase, PsychoInfo and the Cochrane Database of
Systematic Review, with search terms and limits used for
each database listed in Table 2. Reference lists and citing
articles were also reviewed for other potentially relevant
papers. In addition to these research databases, the on-
line journals JMIR mHealth and uHealth, which have a
specific focus on digital health, were also searched for
papers reporting on pregnancy, labour or birth. After re-
moval of duplicates, the database and JMIR journals
search produced a total of 909 articles for screening. Re-
view of the titles and abstracts identified 774 of these to
be ineligible based on the inclusion criteria, leaving 135
papers for full text review. Of these, only 13 were eligible
for inclusion, with 122 being excluded for the reasons
shown in the PRISMA flow diagram (Fig. 1).
A formal review of quality was not undertaken because
this was not a systematic review with the aim of estab-
lishing the efficacy of an intervention. Charting and the-
matic analysis was carried out using NVivo qualitative
data management software (version. 11) and Framework
Analysis [15]. Characteristics of the papers and the apps
they describe are shown in Table 3. These include a de-
scription of the report or study design, setting, partici-
pants and time period, area of pregnancy focus and app
characteristics. The main findings and conclusions re-
ported by the authors were explored using thematic
analysis.
Results
Characteristics of the papers included in the review
Details of the 13 included papers are shown in Table 3.
Of the included papers, one [16] reported the reliability
of a clinical decision support tool for calculating risk of
preterm birth. The majority (n = 10) described early de-
velopment of the mobile app with results of feasibility,
usability studies and/or satisfaction studies [17–26]. Two
reported results of studies evaluating maternity care pro-
jects in which the app was a central component of care
delivery [27, 28].
Seven papers reported on studies or projects based in
low and middle income countries, including Africa and
Guatemala [17, 20, 24–28]. Two were based in the UK
[16, 21], one in Spain and Italy [23] and one in USA
[22]. In two papers the location of the project was
Table 1 Inclusion and exclusion criteria for the scoping review
Inclusion Exclusion
Mobile phone applications
(apps) for decision support
or risk assessment in
pregnancy
Decision aids not utilizing
mobile app technology, e.g.
clinical guidelines/models/
decision trees




Primary research or report of
app development and





App for use by clinicians or
both clinicians and pregnant
women
App for use by pregnant
women only
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unclear, however one of the corresponding authors was
based in Korea [18] and the other in Germany [19]. All
were published between 2014 and 2017: four in 2014;
three in 2015; four in 2016 and two in 2017.
Four papers reported on apps focusing on preeclamp-
sia [17, 19, 20, 26]. Three of these, however, all referred
to the same project, Pre-eclampsia Integrated Estimate
of Risk (PIERS) [17, 20, 26]. Gestational diabetes was the
focus for two papers [21, 23]. The aims of the maternity
care projects were to increase the number of births in a
health facility in Zanzibar [27] and to improve access to
maternity care for women in Ghana [28]. The pregnancy
focus of each of the remaining five papers were: meta-
bolic syndrome [18]; weight and blood pressure moni-
toring [22]; identification of fetal compromise [24];
antenatal depression [25] and preterm birth [16].
Thematic analysis of the main findings and conclusions as
reported by the authors
Theme 1: acceptability and satisfaction
All papers reporting on acceptability, feasibility, usability
and/or satisfaction were generally positive, both with the
mobile app being evaluated, and also with the care it was
designed to support. This was demonstrated by direct
questioning and evaluation tools, but also by increased
patient engagement with, for example, compliance with
self-monitoring [7, 21, 23]. Increased confidence of health
providers, enhanced positive relationships and trust in the
professionals and feelings of support and safety were also
reported [18, 21, 22, 27]. Validation of data and monitor-
ing readings were often a feature of the app, and this was
recognised by clinicians as a valuable improvement in care
[17, 24]. Additionally, apps appeared to help clinicians
identify priorities and they recognized the potential for the
system to be time saving. The automatic transfer of data
to electronic central databases or health records was also
identified as a useful mechanism which could save clini-
cians’ time as they could remotely review the data in ad-
vance of the patient’s hospital appointment [23, 28]. Alerts
systems were utilised in some apps to remind patients of,
for example, appointments, medication, and monitoring
[21, 22], or alert remote clinicians who could respond with
advice, either directly to the patient or their local care
givers [21, 24].
Table 2 Search terms and limits for the scoping review
Search term Search term Limit
Medline
(n = 598)












OR Risk assessment tool$.mp
OR Predictive model.mp OR
App.mp
Papers published between 2007 (when the iPhone
















OR Risk assessment tool$.mp
OR Predictive model.mp
OR App.mp
Papers published between 2007 (when the iPhone and
first mobile apps were available) and June 2018; Humans;




















Papers published between 2007 (when the iPhone and




Pregnancy: tl, ab, kw
(including word variations)
AND mHealth OR decision aid













Exp explode, m.p keyword search, $ wildcard symbol, tl title, ab abstract, kw keyword
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Theme 2: ease of use and portability
Most medical app users were familiar with smart
phones, and the benefit of portability was regarded as a
great asset [22, 27]. Some users reported problems
which were often related to the phone’s features, e.g. dif-
ficulties with entering data on a small mobile phone
screen and the need for scrolling [17, 20]. Adaptation of
features such as reducing the need for scrolling by hav-
ing fewer data on each form, training and on-phone
manuals were used to address these issues in later stages
of app development [18, 24].
With the relative low cost of smartphones and con-
venience in terms of weight and size, along with the in-
creasing connectivity to mobile networks, mobile apps
appear to be accepted as an excellent opportunity for
improving healthcare, particularly for those in low re-
source settings. One reason, proposed by a number of
authors of the papers included in this review, is that less
educated health care staff can be trained in providing
front-line care using devices that are easy to use, with
internal validation and warning alerts, with the added
benefit of support from remote experts [24–26].
Theme 3: multiple functionality
The versatility and multi-functionality of smartphones
appeared to be an important issue in the papers
reviewed. As decision support tools, mobile apps can
utilize statistical prediction models or decision trees and
make recommendations for action based on input of in-
dividual risk factors and test results [16, 17, 23]. In
addition to decision support, however, most apps (10/
13) were also used for data collection, communication,
or both. Other apps also incorporated Bluetooth internet
connectivity with other devices: pulse-oximetry [20, 24];
blood glucose monitors [21, 23]; blood pressure moni-
tors [22, 23]; digital weighing scales [22] and fetal Dop-
pler devices [24]. One mobile app utilized the
smartphone’s own camera for processing pictures used
Fig. 1 PRISMA 2009 Flow Diagram of results of literature search
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in the Congo Red Dot test to assess the presence of mis-
folded proteins in urine [19]. This test has been pro-
posed as a possible diagnostic test for pre-eclampsia that
could be particularly useful in low resource settings
where more sophisticated laboratory facilities are
unavailable.
Communication between patients and healthcare
workers, or between healthcare workers and colleagues
or other experts, was valued as an important element in
the success of the projects in which the apps played a
central role [17, 21, 27]. This appeared to be so whether
the communication was carried out directly through the
app, or simply by the user being able to communicate
using the same device, i.e. mobile phone.
Data collection, validation, transfer and integration with
other health records and research databases, and the abil-
ity to set alerts, as noted above, along with other inte-
grated features of mobile phone technology, such as time
stamping and Global Positioning System (GPS) tracking of
phone location, were also noted as important and useful
attributes because, for example, the time and place of the
clinical visit could be recorded [17, 21, 23, 24, 28].
Delivering healthcare interventions through mobile
technology also provided the opportunity to adapt pro-
grammes relatively easily to account for specific needs of
the end-users. Accessibility was enhanced, e.g. picture
and video instructions for illiterate users [24]. Language
and cultural diversity issues were also relatively easily
addressed and incorporated into different versions of the
app [17, 21, 24].
Theme 4: the importance of user involvement in
development and evaluation
The importance of user involvement in the development
and evaluation of their app was emphasized in several
papers [17, 20, 26, 28]. The authors noted that this was
not only a key step in enhancing the acceptability and
usability of the device/programme, but also a mechanism
by which they could foster engagement by local stake-
holders, community leaders and healthcare funders. This
interaction was recognised as part of the pathway to en-
sure acceptability of the programme and to maximize its
chances of being sustained.
Discussion
This scoping review has identified and considered a
number of relatively recent papers, mainly reporting
early stage development and feasibility or acceptability
studies designed to inform further development of the
mobile app the paper was concerned with. The number
of papers identified was relatively small compared to the
number of medical apps readily available for download
onto mobile devices. It is likely that many clinicians and
other health care professionals are using them on an ad
hoc basis. However, there are still only very few peer-
reviewed publications in high quality professional jour-
nals that can confirm their utility, reliability, effect on
outcomes and successful implementation or scale up.
None of the papers reported application for regulatory
approval by either the FDA or MHRA.
It is possible that the search strategy employed may
have missed some important papers due to the lack of
standardised search terms associated with the relatively
new field of mobile healthcare. The lack of unified lan-
guage has been previously identified and efforts to ad-
dress this made, such as the WHO “Classification of
Digital Health Interventions” [29]. However, these are
relatively recent, and may take some time to become ap-
parent in the literature.
An extensive number of potentially eligible papers re-
quired a review of the full text because the nature of the
decision support tool or mobile app was not clear from
the title or abstract alone. In addition, the speed with
which new papers are published makes efforts to under-
take a truly comprehensive review of such a fast growing
literature base challenging.
Our objectives were to: 1) determine the current land-
scape of mobile phone app use for clinical decision sup-
port in pregnancy; 2) identify perceived benefits and
potential hazards of use and 3) identify facilitators and
barriers to implementation of these apps into clinical
practice. These objectives have largely been met through
thematic analysis. The findings are consistent with the
widely used “Theory of Acceptance Model” [30]. This
model proposes that two particular beliefs, “perceived
usefulness” and “perceived ease of use”, are primarily im-
portant in predicting future use of computer software. It
is, therefore, not surprising that the apps referred to in
this review were generally considered acceptable. The
issue of data security, however, briefly mentioned in two
papers [17, 28] did not appear to be particularly import-
ant. Where it had been raised as a concern, password
protection at app, rather than phone, level [28] and data
encryption [17] appeared to provide acceptable solu-
tions. This may become a more important issue in the
future, however, following recent scandals regarding the
misuse of personal online data [31].
This scoping review has considered papers reporting
on mobile phone apps for clinical decision support in
pregnancy. It appears that the body of literature relating
to this precise area remains sparse and relatively recent.
No papers were found of studies reporting effects on
clinical outcomes, although the two papers on pro-
grammes to improve healthcare utilization reported suc-
cess. It is expected, however, that more publications will
follow in due course, as the papers reviewed were largely
reporting results of feasibility studies of projects that will
have entered later phases of development. The situation
Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 Page 11 of 13
is also likely to improve in response to calls for the
adoption of suitable monitoring and evaluation frame-
works, part of the World Health Organisation’s “Global
Strategy on Digital Health 2020-2024”, which is cur-
rently open for public consultation (April 2019) [32].
Conclusion
This review highlights the benefits of mobile apps for
clinical decision support in pregnancy and potential bar-
riers to implementation, but reveals a lack of rigorous
reporting of evaluation of their use and data security.
This situation may change, however, following the issue
of FDA and MHRA guidelines and implementation of
UK government and other international strategies. Over-
all, the findings suggest that ease of use, portability and
multi-functionality make mobile apps for clinical deci-
sion support in pregnancy useful and acceptable tools
for clinicians.
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